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Pre vent ing Hear ing
Loss Among Min ers

PRO LONGED EX PO SURE TO
haz ard ous noise lev els over a

pe ri od of sev eral years gen er ally
causes per ma nent dam age to the
audi tory nerve; the greater the
noise ex po sure, the more rapid the
loss.  Un for tu nately, the loss of
hear ing acu ity oc curs gradu ally
and is so sub tle that an in di vid ual
may not re al ize it un til a sub stan tial 
amount of hear ing is lost.  This dam -
age, known as noise- induced hear -
ing loss (NIHL), is a per ma nent,
chronic, and ir re versi ble health
ef fect. Once the dam age has oc-
curred, there is no known medical 
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THE NA TIONAL IN STI TUTE for Oc cu pa tional Safety and Health
(NIOSH) re cently an nounced the ap point ment of di rec tors for its min ing

safety and health re search labo ra to ries in Pitts burgh, PA, and Spo kane, WA.
Fol low ing a broad na tional search, Jeffery L. Koh ler, Ph.D., and John R. M.

(Ros) Hill were se lected as the first per ma nent di rec tors of the NIOSH Pitts -
burgh and Spo kane Re search Labo ra to ries, re spec tively.

“Dr. Koh ler and Mr. Hill have ex cel lent cre den tials,” said R. Larry Gray -
son, Ph.D., As so ci ate Di rec tor for Min ing.  “They each bring im por tant
skills, in sights, and a team- building per spec tive es sen tial to de vel op ing a
qual ity min ing re search pro gram.  Their se lec tions were a ma jor step to -
ward achiev ing or gan iza tional sta bil ity and re al iz ing the syn ergy en vi -
sioned by NIOSH 2 years ago.”

CON TIN UED ON PAGE 2

CON TIN UED ON PAGE 2

JEF FERY KOH LER
       Pitts burgh

ROS HILL
 Spokane
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Dr. Koh ler, As so ci ate Pro fes sor
of Min ing En gi neer ing at The
Penn syl va nia State Uni ver sity, has
been as so ci ated with mining-
 related re search, con sult ing, and
aca de mia since 1974.  He is author
or co author of 22 peer- reviewed
jour nal ar ti cles, 3 U.S. Bu reau of
Mines (USBM) and NIOSH Re -
ports of In ves ti ga tion or In for ma -
tion Cir cu lars, 24 re search con tract
re ports, and 40 other pub li ca tions.
His re search has in cluded such ar -
eas as mine power sys tems, elec tri -
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cal ground ing, elec tro cu tions in
the min ing in dus try, de tec tion of
in cipi ent elec tri cal com po nent fail -
ures, sen sors for mine moni tor ing,
mine ven ti la tion, ex pert sys tems
ap pli ca tions, and noise con trol.
Most of his work has fo cused on
the un der ground coal and ag gre -
gates in dus tries, but his proj ects
have also spanned both sur face
and un der ground mines of the
metal/non metal in dus try.

Dr. Koh ler has been ac tive in
both the In sti tute of Elec tri cal and
Elec tron ics En gi neers-In dus trial
Ap pli ca tions So ci ety (IEEE- IAS)
and the So ci ety for Min ing, Met al -
lurgy, and Ex plo ra tion, Inc. (SME).
He re ceived B.S., M.S., and Ph.D.
de grees in 1974, 1977, and 1983, re -
spec tively, from The Penn syl va nia
State Uni ver sity.

Mr. Hill has served as act ing
labo ra tory di rec tor at the NIOSH
Spo kane Re search Labo ra tory
since 1996.  Since 1996, he was the
re search su per vi sor for the mine
safety and health group at the lab.
He has been in volved in mine
safety and health re search since
join ing the former USBM in 1971.
Mr. Hill has pub lished ex ten sively
in both na tional and in ter na tional
fo rums and has served as chair or
or gan iz ing com mit tee mem ber for
more than a dozen tech ni cal ses -
sions at con fer ences world wide.
Re search in ter ests in clude ground
con trol and rock bolt ing, rock me -
chan ics, mine back fill ing and safe
dis posal of mine wastes, and safe
op era tion of min ing equip ment
through auto ma tion.

Mr. Hill has been ac tive in SME
and the North west Min ing As so -
cia tion.  He re ceived his Pro fes -
sional Geo logi cal En gi neer de gree
from the Colo rado School of
Mines.  He is a mem ber of the
Ameri can In sti tute of Pro fes sional
Ge olo gists and is a Cer ti fied Pro -
fes sional Ge olo gist. #

Pre vent ing Hear ing
Loss Among Min ers
CON TIN UED FROM PAGE 1

or sur gi cal treat ment that will re -
store the lost hear ing acu ity.  Over -
ex po sure to noise re mains a
wide spread, se ri ous health haz ard
in the U.S. min ing in dus try.  The
use of heavy equip ment, the drill -
ing of rock, and the con fined work
en vi ron ment are just a few fac tors
that con trib ute to high lev els of
noise ex po sure in the min ing in -
dus try.  A re cent NIOSH analy sis of 
a large sam ple of au dio grams
showed that at age 50 about 90% of
coal min ers and 49% of metal/non -
metal min ers had a hear ing im pair -
ment.  By con trast, only 10% of the
nonoccupational- noise- exposed
popu la tion (as de fined by An nex A
of ISO- 1999.2) had a hear ing im pair -
ment at age 50.  NIOSH has rec og -
nized NIHL as one of the 10 lead ing
work- related dis eases and in ju ries
in the Na tion, and its im por tance is
ex pressed in the Na tional Oc cu pa -
tional Re search Agenda de vel oped
by NIOSH and the oc cu pa tional
safety and health com mu nity.

One goal of the Hear ing Loss
Pre ven tion Branch at the NIOSH
Pitts burgh Re search Labo ra tory is
to de velop a pro gram that will pro -
vide noise con trol tech niques and,
where ap pli ca ble, equip ment modi -
fi ca tions that could re duce noise
lev els in order to pre vent hear ing
loss among min ers and main tain
their qual ity of life.  Tech ni cal as sis -
tance is en vi sioned to en com pass
noise sur veys of equip ment and
op era tor ex po sure lev els, labo ra -
tory analy sis of the data, and,
where ap pli ca ble, con trol of spe -
cific min ing noise prob lems.  The
level of as sis tance will range from
sim ply pro vid ing in for ma tion and
on - site meas ure ments to de vel op -
ing en gi neer ing so lu tions and par -
tici pat ing in the im ple men ta tion of
ret ro fit noise con trol tech nol ogy.
Re sponses from the Mine Safety
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and Health Ad min istra t ion
(MSHA) and stake holder in put,
along with data from the cross-
 sectional sur vey re search study,
will iden tify where tech ni cal as sis -
tance may be nec es sary.

Cur rently, two in ter ven tion ac -
tivi ties have been iden ti fied.  The
first is a re search ef fort to as sess
noise lev els as so ci ated with a pul -
ver iz ing op era tion at a sil ica proc -
ess ing plant.  Ex peri ments to
meas ure the spa tial dis tri bu tion of
sound lev els were con ducted in the 
pul ver iz ing mill build ing.  Tests
meas ur ing the acous tic en vi ron -
ment were per formed us ing a re -
cord ing sys tem con sist ing of a
mi cro phone and pre am pli fier as
in put to a Na gra tape re corder.
Noise data were re corded at vari -
ous lo ca tions through the mill
build ing.  The re corded data were
sub se quently ana lyzed in the labo -
ra tory with a digi tal fre quency ana -
lyzer.  A 32- or 64- sec lin ear
av er ag ing time was util ized to cal -
cu late oc tave band spec tra noise
lev els from 125 to 16,000 Hz and
cor re spond ing over all av er age
noise lev els.  Re sults of the ini tial
sur vey in di cated ex ces sively high
noise lev els around high- pressure
air slide blow ers lo cated on the sec -
ond floor of the mill build ing.  A
sim ple, cost- effective ply wood en -
clo sure lined with a 2- inch fi ber -
glass acous t ic  ma te r ial  was
con structed to re duce noise lev els
emit ting from the high- pressure
blow ers. Re sults showed a sig nifi -
cant re duc tion of noise in the im -
me di ate area sur round ing the
high- pressure blow ers.

The sec ond area of re search,
which was iden ti fied by MSHA, in -
volves re duc ing the noise ex po sure 
lev els of air- track drill op era tors.
Cur rently, noise lev els as so ci ated
with the drill op era tors range from
100 to 110 dBA while op er at ing
from the drill mast lo ca tion.  This
re search proj ect would as sess noise 

New Meth ods To
Meas ure Res pirable
Dust

WORK ERS IN MANY IN DUS -
tries, es pe cially min ing, are

ex posed to dusts that can cause
lung dis ease.  Pro longed in ha la -
tion of res pirable coal mine dust
can lead to coal work er’s pneu -
mo co nio sis (”black lung”) and
sili co sis.  These are de bili tat ing

lev els of the sur face drills by meas -
ur ing the noise spec tra at stra te gic
lo ca tions around the drill.  Ret ro fit
cab tech nol ogy at ei ther the drill
mast or tram ming lo ca tion has
been iden ti fied as a pos si ble so lu -
tion to re duc ing op era tor ex po sure
lev els.  So lu tions rang ing from sim -
ple par tial bar ri ers to com plex full
en clo sures will be pur sued and
tested.

James P. Rider, Op era tions Re search Ana lyst,
(412) 892- 4109 (jlr4@cdc.gov). #

Researcher re cord ing acous tic meas ure ments near noise- reducing
ply wood en clo sure sur round ing high- pressure air slide blow ers.

Level of noise re duc tion with and with out en clo sure 
at 14 dif fer ent lo ca tions near high- pressure blow ers.



gra vimet ric meas ure ment use ful
only as a his tori cal data point.  The
re sults do not pro vide timely feed -
back to de tect or cor rect ex ces -
sively dusty con di tions.

The NIOSH Pitts burgh Re -
search Labo ra tory has been con -
duct ing im por tant re search in the
area of dust moni tor ing and analy -
sis.  Fol low ing is a dis cus sion of sev -
eral re search ef forts to quickly and
ac cu rately meas ure and ana lyze
haz ard ous aero sols that pose a
health threat to our Na tion’s min ers.

Machine- Mounted Con tinu ous
Res pirable Dust Moni tor

A re cent NIOSH Cri te ria Docu -
ment en ti tled “Oc cu pa tional Ex -
po sure to Res pirable Coal Mine
Dust” lists im proved sam pling de -
vices as a re search need per ti nent
to coal miner res pi ra tory health
and pre ven tion of dis ease.  More
spe cifi cally, the Re port of the Sec -
re tary of La bor’s Ad vi sory Com -
mit tee on the Elimi na tion of
Pneu mo co nio sis Among Coal
Mine Work ers rec om mended the
de vel op ment of con tinu ous res -
pirable dust moni tors to help pro -
tect work ers’ health.  The NIOSH
Pitts burgh Re search Labo ra tory is
de vel op ing a machine- mounted
con tinu ous res pirable dust moni -
tor (MMCRDM) that can con tinu -
ously moni tor and rec ord lev els of
res pirable coal mine dust in mines
to an ac cu racy of ±25% with a 95%
con fi dence level for at least 30 days 
with out hu man in ter ven tion.  The
de vice is based on the tapered-
 element os cil lat ing mi cro bal ance
(TEOM®) sens ing tech nol ogy.  It
was de vel oped to be mounted on
mo bile min ing equip ment and can
con tinu ously and ac cu rately meas -
ure res pirable coal mine dust mass
con cen tra tions de spite the rig ors
of the mine en vi ron ment. Read -
ings of dust lev els are stored in
com puter mem ory and dis played

to the ma chine op era tor.  The dis -
play shows dust lev els av er aged
over vari ous in ter vals and a graph
of the shift av er age as a func tion of
time.  The moni tor also in cor po -
rates sev eral auto mat ic di ag nos tic
func tions to de tect sys tem fail ure
or tam per ing.

The TEOM® sen sor in the
MMCRDM uses a spe cially ta -
pered, vi brat ing tube to meas ure
the mass of dust sam pled from
mine air.  This tube (ta pered ele -
ment) is hol low and made of
metal.  The wide end of the tube is
firmly an chored; the nar row end
sup ports a re place able fil ter and is
per mit ted to os cil late.  By draw ing
air through the hol low tube, the
moni tor col lects dust from the
mine air on the fil ter.  As the fil ter
col lects dust, its in crease in mass
causes the ta pered ele ment to vi -
brate more slowly.  By meas ur ing
the change in fre quency, an on -
board com puter cal cu lates how
much dust was col lected on the fil -
ter.  Un like many aero sol meas ure -
ment tech nolo gies (e.g., light
scat ter ing) that meas ure some
aero sol pa rame ter cor re lated with
mass, the TEOM® tech nique
meas ures mass di rectly.  Used with 
a cy clone or other ap pro pri ate pre -
clas si fier, the in stru ment col lects
and meas ures res pirable dust mass.

Labo ra tory and in- mine tests of
ear lier pro to types have been
largely suc cess ful, with modi fi ca -
tions to the in stru ment de sign cor -

dis eases that cause un told suf fer -
ing and eco nomic hard ship to
those who pro vide our Na tion the
raw ma te ri als it needs.  NIOSH, in
part ner ship with in dus try, la bor,
and regu la tory agen cies, con tin -
ues an ag gres sive cam paign to
elimi nate these dis eases through
re duc tion of worker dust ex po -
sures.  His tori cally, the adop tion of 
per mis si ble dust ex po sure lev els
into law and en forc ing com pli ance 
with these lev els has been a main -
stay of re duc ing oc cu pa tional ex -
po sures.  Pro gres sive com pa nies
try to pre vent worker ill nesses by
edu cat ing work ers about the haz -
ards of res pirable dusts and by
adopt ing the best avail able en gi -
neer ing con trol tech nolo gies.

The abil ity to ac cu rately meas -
ure dust lev els is criti cal to as sess -
ing com pli ance with per mis si ble
ex po sure lim its (PELs) and to
evalu at ing the ef fec tive ness of
con trol tech nolo gies.  How ever,
moni tor ing dust lev els in min ing
pres ents unique chal lenges be -
cause of the vari able com po si tion
of the dusts and the con stantly
mov ing work place.  Cur rently, the
most com mon method for as sess -
ing res pirable dust lev els in min -
ing is the gra vimet ric method.
Dur ing the work shift, a small
battery- operated pump draws a
known quan tity of dusty air
through a small particle- size clas si -
fier and de pos its respirable- size
par ti cles on a col lec tion fil ter.  Af ter 
sam pling, the fil ter is mailed to a
labo ra tory, where tech ni cians
weigh it to de ter mine the mass of
dust ac cu mu lated on the fil ter,
then cal cu late the av er age con cen -
tra tion of dust that was in the sam -
pled air.  In prac tice, the cur rent
gra vimet ric method of ten takes
sev eral weeks bef ore re sults are re -
ported to the mine.  This de lay,
cou pled with the ever- changing
work place of the un der ground
mine en vi ron ment, makes the
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con tains a respirable- size clas si fier
and a fil ter me dium.  It can be as -
sem bled for a few dol lars per tube.
This moni tor ing method may be
use ful as an in ex pen sive screen ing
tool to alert work ers to ex ces sively
high dust lev els.

The de vice uses an in ex pen sive,
com mer cially avail able, low- flow
pump with an in te gral pres sure
trans ducer to draw dusty air
through the tube.  A sec tion of po -
rous foam re moves large par ti cles
from the air stream and passes res -
pirable dust onto a col lec tion fil ter.
The in crease in dif fer en tial pres -
sure across the col lec tion fil ter is re -
lated to the mass of dust col lec tion
on the fil ter. The cor re la tion be -
tween the dif fer en tial pres sure
across a fil ter and mass is not new.
Re cent work at the NIOSH Pitts -
burgh Re search Labo ra tory dem on -
strated a lin ear pressure- versus-
 mass re sponse for a spe cific fil ter me -
dium. Con cur rent work on the use
of po rous foam as a res pirable dust
clas si fi ca tion me dium lent it self to
the dis pos able de tec tor tube idea.

Re sults of labo ra tory test ing of
this de vice show prom ise.  Six dif -
fer ent coal dusts were aero sol ized
in a labo ra tory dust cham ber, and a
to tal of 119 trip li cate ob ser va tions
com par ing the do sime ter read ing
with gra vimet ric meas ure ments
were ob tained.  For in di vid ual coal
types, the cor re la tion co ef fi cients,
or agree ment be tween the two
meth ods, were be tween 0.90 and
0.97; 1.00 is a per fect cor re la tion.

The pre ci sion of the two meth ods
was simi lar; the per cent rela tive
stan dard er ror of the per sonal
sam plers was 11.83% and that of
the do sime ter was 13.96%.  For all
coal types tested, the data were
best de scribed by the power func -
tion ∆P = 1.43 mass0.85, with a cor re -
la tion co ef fi cient of 0.73.  The
method be comes more ac cu rate at
higher dust load ings such that all
labo ra tory data with mass load -
ings greater than an equiva lent
con cen tra tion of 2 mg/m3 fall
within ±25% of the power func -
tion. As sess ment of the method un -
der field con di tions is un der way.

The low- cost ap proach of the
do sime ter lends it self to an in -
creased number and fre quency of
sam ples that can be taken.  Fur -
ther more, the cu mu la tive shift
per sonal res pirable dust ex po sure
will be im me di ate ly avail able to
work ers, ena bling timely modi fi -
ca tions to pro ce dures or im ple -
men ta tion of ad di tional dust
con trols to im me di ate ly re duce
dust ex po sures.  The re duced size,
weight, and noise level of the new
pumps may also en cour age bet ter
worker ac cep tance of the new
tech nique.  Al though slightly less
ac cu rate than other avail able
meas ure ment meth ods, the bene -
fits of the new do sime ter may out -
weigh the need for high ac cu racy,
es pe cially for rou tine moni tor ing
of many work place en vi ron ments.

Person- Wearable Sam pler for 
Die sel Ex haust Par ticu late Mat ter

Die sel ex haust is a com plex
mix ture of nox ious gases such as
car bon mon ox ide, car bon di ox ide,
ni tric ox ide, ni tro gen di ox ide, and
sul fur di ox ide; hun dreds of dif fer -
ent hy dro car bons (HCs); and die -
sel par ticu late mat ter (DPM).
DPM is also a com plex mix ture of
chemi cal com pounds.  It is com -

rect ing any prob lems iden ti fied
dur ing those tests.  Production-
 version units are now be ing evalu -
ated in un der ground U.S. mines.
Re search ers in other coun tries,
such as Aus tra lia, have also ex -
pressed an in ter est in test ing the
de vice. Tests con ducted thus far
sug gest that the MMCRDM is well
re ceived by work ing min ers.  In
one par ticu lar case, min ers used
the read out of the MMCRDM to
de ter mine when to ad just ven ti la -
tion on the sec tion.  Based on the
prom ise of the MMCRDM, ne go -
tia tions are cur rently un der way to
de velop a person- wearable moni -
tor based on the TEOM® meas ure -
ment tech nol ogy.

Per sonal Dust Do sime ter

An ap proach that is gain ing fa -
vor through out the ex po sure as -
sess ment com mu nity is pro vid ing
in di vid ual work ers with in for ma -
tion about their per sonal dust ex po -
sure through out the work shift.
Pro vid ing such in for ma tion em -
pow ers the worker to help re duce
ex po sure.  The NIOSH Pitts burgh
Re search Labo ra tory has de vel -
oped a unique dust do sime ter that
pro vides an in ex pen sive meas ure -
ment of a work er’s cu mu la tive per -
sonal dust ex po sure dur ing a shift.
The do sime ter in cludes a dust de -
tec tor tube that re sem bles the
sorbent de tec tor tubes used to
meas ure ex po sure to vari ous gases. 
This dis pos able, single- use tube

Dust de tec tor tube.
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posed of non vola tile, ele men tal
car bon, hun dreds of dif fer ent ad -
sorbed or con densed HCs, sul fates, 
and trace quan ti ties of me tal lic
com pounds.  DPM is of spe cial con -
cern be cause it is en tirely res pirable 
in size; 90% of the par ti cles, by
mass, have an equiva lent aero dy -
namic di ame ter of less than 1.0 µm.
This means that the par ti cles can
pene trate the deep est re gions of the 
lungs and, if re tained, may cause or
con trib ute to the de vel op ment of
lung dis ease.

At ten tion has fo cused on the
po ten tial car cino gen ic ity of DPM
and the po ten tial health im pact on
min ers.  In 1988, NIOSH rec om -
mended that whole die sel ex haust
be re garded as a po ten tial oc cu pa -
tional car cino gen and stated that
re duc tions in work place ex po sure
would re duce can cer risks.  In 1989, 
the In ter na tional Agency for Re -
search on Can cer de clared that
“die sel en gine ex haust is proba bly
car cino genic to hu mans.”

In 1995, the Ameri can Con fer -
ence of Gov ern men tal In dus trial
Hy gien ists (ACGIH) added DPM
to the No tice of In tended Changes
for 1995- 96 with a thresh old limit
value (TLV) rec om men da tion of
0.15 mg/m3.  DPM smaller than 1.0
µm re mains on the ACGIH No tice
of In tended Changes in 1998.  If
this TLV were adopted as a PEL,
many mines us ing die sel equip -
ment in the United States and Can -
ada would be out of com pli ance.

An tici pat ing stan dards that
regu late ex po sure to DPM and to
fa cili tate re search on its con trol,
NIOSH de vel oped a person-
 wearable sam pler that can meas -
ure DPM se lec tively.  Most DPM is
less than about 0.8 µm in di ame ter;
min eral par ti cles are larger.  The
sam pler con sists of an im pac tor
with a cut- point at 0.8 µm.  Par ti cles 
larger than 0.8 µm col lect in the
low- flow void im me di ate ly down -

that will shorten the time to cor rect 
over ex po sures.  A new type of
quartz analy sis is be ing de vel oped
that can de ter mine the amount of
quartz dust on sam ple fil ters with -
out the labor- intensive ash ing or
resi due re de po si tion re quire ments 
of ex ist ing meth ods.  Af ter the
sam ple is weighed at a labo ra tory,
it is sim ply placed in a Fou rier
trans form in fra red (FTIR) spec -
trome ter.  The analy sis can be com -
pleted in min utes us ing an
un al tered sam ple.  Sec tors of the
fil ter are scanned to av er age any
un even dust de pos its on the fil ter
that re sult from the sam pling ap -
pa ra tus.  Ef forts are also un der way 
to auto mate the pro ce dure to
achieve the most rapid and re li able 
analy sis pos si ble.

Bruce K. Can trell, Ph.D., Re search Physi cal Sci -
en tist, (412) 892- 4019 (bec4@cdc.gov),

Jon C. Volk wein, Re search Physi cal Sci en tist,
(412) 892- 6689 (jdv1@cdc.gov),

Don ald P. Tuchman, In dus trial Hy gien ist,
(412) 892- 6645 (det5@cdc.gov).#

stream of the im pac tor jet and are
con sid ered to be min eral par ti cles.
Par ti cles smaller than 0.8 µm fol -
low the air stream to the col lec tion
fil ter and are con sid ered to be
DPM.  These sam plers are be ing
adapted for com mer cial pro duc -
tion and will be avail able in fis cal
year 1999.

On- Filter Analy sis of Quartz

Air borne dust sam ples col -
lected us ing the gra vimet ric
method are of ten ana lyzed in
labo ra to ries to de ter mined which
per cent age of the dust is quartz. In
situa tions where the per cent age of 
quartz ex ceeds 5%, the PEL for res -
pirable coal mine dust is low ered
from 2 mg/m3 by the for mula
10 ÷ per cent quartz.

There is a span of time be tween
the col lec tion of dusts, the com ple -
tion of quartz analy ses, and ac tion
to cor rect over ex po sure situa tions. 
The NIOSH Pitts burgh Re search
Labo ra tory is con duct ing re search

Rapid on- filter analy sis of quartz dust is a goal of NIOSH re search.
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As sess ment and 
Con trol of Ex po sures
to Mer cury and Sil ver

EX PO SURE TO MET ALS AND
other chemi cals in min ing

work places, par ticu larly in mill ing
and re fin ing fa cili ties, may ad -
versely af fect thou sands of U.S.
work ers.  Mer cury and sil ver are
ex am ples of po ten tially haz ard ous
met als found in ore de pos its in the
West ern United States.

Mer cury is not an im por tant
com mod ity, but it is re tained dur -
ing proc ess ing and re fin ing be -
cause of its simi lar ity to gold in
chemi cal com plex ing and ad -
sorption be hav ior.  The po ten tial
for ex po sure is en hanced be cause
mer cury has a high va por pres sure,
which means that when ever ore
con cen trates con tain ing mer cury
are heated, the mer cury is va por ized.

Ex po sure to sil ver and mer cury
can oc cur dur ing nu mer ous re fin ing 
pro cesses. Dust con tain ing mer cury
or sil ver can be stirred up while han -
dling dry con cen trates or while
clean ing sil ver bars (doré bars) af ter
smelt ing.  Also, metal fumes can be
re leased when con cen trates are
heated dur ing re tort ing and dur ing 
smelt ing.  Mer cury or sil ver from
the re fin ery can be spread to other
ar eas on shoes or cloth ing.

Re search ers from the NIOSH
Spo kane Re search Labo ra tory and
the Di vi sion of Sur veil lance, Haz -
ard Evalua tions, and Field Stud ies
are con duct ing a se ries of case
stud ies to char ac ter ize work ers’
ex po sures to mer cury and sil ver
dur ing re fin ing.  The ul ti mate goal
of this study is to im prove the
health of re fin ery work ers by iden -
ti fy ing ex ist ing tech nolo gies and
work prac tices that re duce ex po -
sures to mer cury and sil ver or by
de vel op ing new ones.  Sur veys
have been con ducted at two silver-
 gold mines in the West ern United
States. Ore from these two mines is
ex tracted from sur face pits and
crushed bef ore it is leached with di -

lute cya nide so lu tions on im per -
me able heap leach ing pads.
Met als such as gold, sil ver, and
mer cury in the ore com plex with
cya nide to form solu ble com -
pounds that are car ried in so lu tion 
to a drain age col lec tion sys tem
and even tu ally to the proc ess ing
plant and re fin ery.  The cya nide
so lu tion from the heap leach ing
pads is proc essed us ing the Merrill-
 Crowe pro cess, which con sists of
clari fi ca tion, de- aeration, and pre -
cipi ta tion of pre cious met als onto
zinc dust.  The cya nide so lu tion is
then cir cu lated through fil ter
presses to sepa rate the pre cious
met als and zinc concentrate from
the cyanide so lu tion.

At Mine 1, re tort ing is con -
ducted to re move mer cury and
dry the con cen trates prior to re fin -
ing.  The mer cury con den sate is
col lected un der wa ter to mini mize 
evapo ra tion into the re tort room.
At Mine 2, a re tort is not used;
how ever, a pro pane torch is
placed un der the pans con tain ing
the con cen trates to re move ex cess
mois ture prior to smelt ing.

Ana ly ses of worker breathing-
 zone sam ples were used to char ac ter -
ize time- weighted av er age ex po sures,
as well as ex po sures dur ing spe cific
tasks.  Area sam ples helped to iden -
tify prob able sources of ex po sures
to be tar geted by in ter ven tions.  Fi -
nally, meas ure ments in ven ti la tion
sys tems helped to de ter mine the

ade quacy of the ex ist ing sys tem and
which modi fi ca tions to the sys tem
should be made.

At Mine 1, the per sonal breath -
ing zone sam ples for mer cury
were all be low the per mis si ble ex -
po sure limit (PEL) of 50 µg/m3.  The 
per sonal breath ing zone sam ples
for sil ver were all above the PEL of
10 µg/m3.  The re sults of area and
per sonal sam ples for sil ver in di -
cated im por tant sources of ex po -
sure at the doré bar clean ing hood,
slag cool ing hood, and fur nace.  Ap -
pre cia ble sil ver ex po sures also proba -
bly oc cur while work ers per form the
tasks of sweep ing con cen trates
around the top of the fur nace back
into the fur nace, mov ing the re tort
trays onto and off of the scale dur ing
weigh ing, trans fer ring concen trates
to the fur nace, and sweep ing the floor
around the fur nace.

Two ex haust hood de signs
found in the Ameri can Con fer ence 
of Gov ern men tal In dus trial Hy -
gien ists Ven ti la tion Man ual were
rec om mended as al ter na tives to
the ex ist ing hood at the doré bar
clean ing sta tion.  Both de signs re -
quire that the gap in the back of the 
ex ist ing hood be cov ered to maxi -
mize cap ture of dust dur ing bar
clean ing.  How ever, modi fi ca tions
made to the clean ing hood in
No vem ber 1997 did not re duce
sil ver ex po sure be low the PEL.

                 CON TIN UED ON BACK PAGE

Health Ef fects As so ci ated With
Mer cury and Sil ver Ex po sure

Mer cury

Acute Health Ef fects                     Chronic Health Ef fects

Cough Weak ness and fa tigue
Chest pain Loss of ap pe tite
Dif fi cult breath ing In som nia
Up set stom ach De pres sion
Head ache Trem ors and shak ing of hands, 

     eye lids, and lips

Sil ver
Ar gy ria (blue- gray dis col ora tion of the skin, mu cous mem branes, 
      eyes, and fin ger nails)
Chronic bron chi tis
De creased night vi sion



 

In suf fi cient air flow and ob struc -
tion of the air in take with sil ver bars 
wait ing to be cleaned lim ited the ef -
fec tive ness of the modi fi ca tions.

At Mine 2, two out of six per sonal 
breath ing zone sam ples for mer cury 
were above the PEL; eight out of
nine per sonal breath ing zone sam -
ples for sil ver were above the PEL.
The area sam ples with the high est
mer cury con cen tra tions were col -
lected around the face of the fur -
nace.  Ex po sure to mer cury could be 
con trolled by first re tort ing the con -

cen trates.  A sig nifi cant ex po sure to
sil ver dust oc curred when dried
con cen trate was dumped from dry -
ing pans into a hop per.  The work -
ers with the two high est sil ver
con cen tra tions were those per form -
ing this task.

Im proved lo cal and gen eral
ven ti la tion and bet ter materials-
 handling prac tices are the keys to
re duc ing ex po sures to mer cury
and sil ver in the two re fin er ies in
this study.  The method of dry ing
con cen trates at Mine 2 does not ap -

pear to re lease mer cury; how ever,
mer cury ex po sure could be re -
duced or elimi nated by re tort ing
con cen trates prior to smelt ing.  A
sys tem simi lar to that used at Mine
1 to vac uum con cen trates to the
fur nace should be im ple mented at
Mine 2 for dust con trol.  Fi nally, fun -
da men tal house keep ing prac tices
and per sonal pro tec tion are es sen -
tial for re duc ing ex po sures be low
the PELs for mer cury and sil ver.

Pam ela L. Drake, Re search Chem ist, (509) 354-
 8030 (pcd8@cdc.gov).#
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 To re ceive other in for ma tion about oc cu pa tional safety and health prob lems, call 1- 800- 35- NIOSH 
(1- 800- 356- 4674), or visit the NIOSH Home Page on the World Wide Web at http://www.cdc.gov/niosh


